Purpose: To evaluate the impact of pseudoexfoliation syndrome on intraocular lens (IOL) dislocation after phacoemulsification cataract surgery and explore possible associations related to surgical technique. Methods: We systematically searched the MEDLINE, Embase, Web of Science, Cochrane, and Lilacs databases and grey literature sources and identified (on March 1, 2016) 14 cohort and case-control studies comparing IOL dislocation in patients with and without pseudoexfoliation syndrome who had undergone phacoemulsification. Study quality was assessed using the STROBE scale. An inverse-variance fixed-effects model was used to calculate weighted odds ratios (ORs) and 95% confidence intervals (CI). Results: The pooled analysis yielded an OR of 6.02 (95% CI: 3.7, 9.79) for IOL dislocation in patients with pseudoexfoliation, and similarly, high ORs were detected for both early and late (3 months after surgery) dislocation (OR 5.26; 95% CI: 1.05; 26.32 versus OR 6.02; 95% CI: 3.67; 10.17). No significant associations were detected when the results were stratified by year, incision size or use of hooks or retractors. Conclusions: Patients with pseudoexfoliation syndrome have a high risk of late IOL dislocation after phacoemulsification cataract surgery, and this risk may be related to the use of large incisions and hooks or retractors.
Introduction
Pseudoexfoliation syndrome is a clinical condition involving the deposition of fibrillar material in different parts of the body. Patients with pseudoexfoliative material in the eye are more prone to complications resulting from phacoemulsification cataract surgery; the complications can occur in the immediate or early postoperative period (e.g. capsular rupture, zonular dialysis or intraoperative miosis, Shingleton et al. 2009) or several months or even years later. One of the most serious complications is intraocular lens (IOL) dislocation.
The exact prevalence of pseudoexfoliation among patients who experience IOL dislocation or subluxation after phacoemulsification is unknown, although some studies have reported that it may be as high as 66% (Lorente et al. 2010 ) over an average period of 8.5 years (Ostern et al. 2014a ). Information on other associated risk factors is also lacking, and although patients with pseudoexfoliation have an almost twofold increased risk of IOL dislocation compared with patients without this syndrome (Gross et al. 2004) , no preventive measures have yet been identified. Increased ligament laxity has been postulated as a possible mechanism underlying the greater risk of IOL dislocation in patients with pseudoexfoliation syndrome, as it could facilitate traumatic rupture during surgery.
The aim of this systematic review and meta-analysis was to examine the role of pseudoexfoliation as a risk factor for IOL dislocation and to explore associated surgery-related factors.
Patients and Methods
We followed a standard guideline on systematic review methods, data sources and search strategies (Eden et al. 2011) . To perform the metaanalysis, we asked two specific questions:
(1) Do patients with pseudoexfoliation syndrome have a clinically relevant increased risk of late IOL dislocation compared with patients without this syndrome? (2) Can the risk of late lens IOL dislocation in patients with pseudoexfoliation be reduced using hooks, retractors, rings, or other devices to reduce incision size?
We performed a systematic search of the PubMed, Embase, Cochrane, LILACS and Web of Science databases for relevant articles published between 1 January 1980 and 1 March 2015.
Different combinations of the following terms were used for the search: 'exfoliation syndrome', 'phacoemulsification', 'luxation', 'lens subluxation' and 'dislocation'.
Two reviewers (P.V.F. and F.J.C.H) independently searched the databases and screened titles and abstracts for relevant. They also manually reviewed the reference lists of the articles retrieved and searched for relevant grey literature, such as congress proceedings, unpublished clinical trials (U.S. National institutes of Health Clinical Trials, www.clinicaltrials.gov) and doctoral dissertations (Spanish Teseo database).
We targeted cohort studies, casecontrol studies and clinical trials comparing IOL dislocation in patients with and without pseudoexfoliation syndrome. Pseudoexfoliation was defined according to Newell (1992) , and IOL dislocation was defined as any decentration requiring surgery or involving a displacement of 0.5 mm or more. Intraocular lens dislocation was classified as early when it occurred within 3 months of surgery. To be included, articles had to provide sufficient data with which to calculate odds ratios (ORs) and corresponding confidence intervals (CIs) for IOL dislocation. Authors were contacted when this information was missing ). In the case of studies describing the same cohort in different periods of time, the most recent study was chosen. We placed no restrictions on language to minimize publication bias. The articles retrieved were in English, French, German and Romanian.
Study selection
Two reviewers (P.V.F. and F.J.C.H) independently reviewed all titles and abstracts to identify texts for full-text review. All studies selected by either of the reviewers were analysed by another two reviewers (N.F.B. and M.D.R.) working independently. In the case of disagreement, a fifth researcher (M.A.R.B.) decided whether or not the article should be included.
Data extraction and risk of bias assessment
A structured form was used to extract the relevant data from each article. This step was also performed independently by two reviewers (P.V.F. and F.J.C.H.). The following information was extracted: name of study, acceptance date, study setting (country), study design, type of cataract, OR for IOL dislocation, sample size and adjustment variables used in each article (study quality, surgical technique, incision size, type of anaesthesia, use of hooks or retractors, study population, type of lens, number of surgeons, country and total duration of study).
Because the meta-analysis involved different study designs, we applied the STROBE (von Elm et al. 2014) scale to assess quality. The scale was applied independently by two reviewers (P.V.F. and L.B.R.), and the scores were averaged. Discrepancies were discussed, and any disagreements were resolved by a third reviewer, M.D.R. To minimize study quality bias, studies with a score of 15 or more were classified as high-quality studies.
Data synthesis and analysis
To combine the outcomes of the different studies, ORs and standard errors were calculated for each study and continuity corrections were applied to those with a zero-count outcome. In the initial analysis, we analysed the pooled outcomes for cohort studies and case-control studies with the assumption that ORs are a good estimate of relative risk. Study-specific ORs were combined or separated using the inverse-variance fixed-effects or random-effects models, with application of the most conservative model in each case (Deeks et al. 2011 ). Heterogeneity between studies was investigated using the I 2 statistic, and a value of over 50% was considered to indicate high heterogeneity (Higgins & Thompson 2002) . Potential sources of heterogeneity were investigated by subgroup analyses (study setting, language and ethnic origin), and sensitivity analyses, with the exclusion of each study separately, were performed to determine the effect of outliers. We also performed a meta-regression analysis to identify the model with the greatest explanatory power, using the Napierian logarithm of the OR as the dependent variable and the following factors as independent variables: incision size, year of procedure, type of lens, use of hooks or retractors and study population-related factors (ethnic origin, sex and age).
Analyses were conducted using the mar, metan, metacum, metafunnel and metareg features in STATA version 12.1 (College Station, TX, USA). Statistical significance was assumed when 95% CIs of pooled results did not cross one. Publication bias was assessed using funnel plots and the Begg-Mazumdar test (Begg & Mazumdar 1994) .
Results

Characteristics of studies included
A total of 859 articles were identified by our initial search of published and unpublished literature (Figure 1) . After reviewing the abstracts, 35 articles were selected for full-text review. Eighteen of these were excluded because of inadequate design, use of contralateral eye as the control eye, performance of additional procedures or duplication. Of the 17 remaining articles, two did not contain sufficient information with which to calculate ORs or CIs, and despite contacting the authors, we were still missing this information at the time of writing the article. A third article was excluded because it featured the same cohort as a later study.
We therefore analysed 14 articles: two from the 1990s (Dosso et al. 1997; Scorolli et al. 1998 (Sarda et al. 2010; Aigbe et al. 2014; Dwivedi et al. 2014; Ostern et al. 2014b; DabrowskaKloda et al. 2015) . Three were from the United States (Shingleton et al. 2003; Nagashima 2004; Dwivedi et al. 2014) ; one was from Asia (Hyams et al. 2005) ; one was from Africa (Aigbe et al. 2014); and nine were from Europe (Dosso et al. 1997; Scorolli et al. 1998; Menkhaus et al. 2000; Stefan et al. 2004; Akinci et al. 2008; Monestam 2009; (Sarda et al. 2010; Ostern et al. 2014b ; Dabrowska-Kloda et al. 2015). All the studies were cohort studies, but one of them (DabrowskaKloda et al. 2015 ) included a nested case-control study. In another study (Ostern et al. 2014b) , decentration (based on the criterion of ≥0.5 mm) rather than dislocation was used to define cases. The main characteristics of each study are presented in Table 1 .
Results of meta-analysis
Assessment of heterogeneity between the 14 studies revealed a p value of 0.508, (p > 0.1), with an I 2 of 0.0, and a fixed-effects model was therefore chosen to calculate ORs.
The overall OR for IOL dislocation was 6.02 (95% CI: 3.70; 9.79), with a p < 0.0001 (Figure 2 ). On stratifying the data by time of occurrence, that is early versus late IOL dislocation, the results was similar (OR = 5.26; 95% CI: 1.05; 26.32 versus OR = 6.02; 95% CI: 3.67; 10.17), but the CIs were wider due to the smaller sample size for early IOL dislocation (Figure 2) .
We also performed subgroup analyses by language, study quality, country of origin and year of publication (Table 2 ). All the ORs were higher than one, although the smaller sample sizes again resulted in wider CIs, and consequently, a loss of power in all cases, making it impossible to draw inferences. The relatively uniform results for study quality are noteworthy, and we observed no significant increase in the ORs for IOL dislocation throughout the different quartiles analysed (1.47, first quartile; 1.11, second quartile; 1.16, third quartile; and 1.72, fourth quartile). There was also a notable absence of effect detected for time, that is we did not observe a tendency towards a reduction in IOL dislocation in patients with pseudoexfoliation syndrome over the years analysed; the odds of IOL dislocation was highest in the third quartile (OR = 3.24) and lowest in the first quartile (OR = 1.48). Again, however, the significance of these findings is limited due to the small number of cases in each subgroup.
The funnel plot showed little asymmetry (Egger test result, p = 0.000) (Figure 3) , although it should be noted that this method is not ideal for assessing publication bias in cases with few studies.
The sensitivity analyses performed to assess the influence of individual studies on the ORs showed that just one study significantly altered results when excluded. This was the study by Dabrowska-Kloda et al. (2015) , which, when removed, led to a change of over 10% in the OR (OR W = À52.3). The overall OR fell to 2.56 (95% CI: 1.02; 6.39), but the effect remained significant.
The meta-regression analysis showed that the model with the greatest explanatory power included study year and use of hooks or retractors, with a non-significant probability of 0.2985 (p > 0.01) using the Wald test and the Knapp-Hartung variance estimator (Table 3 ). The models, however, contained few variables due to the few studies analysed.
Discussion
To our knowledge, this is the first meta-analysis to analyse the risk of IOL dislocation in patients with pseudoexfoliation syndrome during or after phacoemulsification cataract surgery and furthermore to assess the influence of factors related to surgical technique. Our finding of an OR of 6.02 (95% CI: 3.70; 9.79) corroborates the results of large studies that have suggested that patients with pseudoexfoliation are very prone to IOL dislocation (Gross et al. 2004; Lorente et al. 2010; Dabrowska-Kloda et al. 2015) . It is unfortunately difficult to compare results between the larger studies conducted in this area, as they typically lack a control group, involve multiple centres and feature a mix of surgeons and procedures. In relation to our second objective, we found that the odds of IOL dislocation in patients with pseudoexfoliation was slightly increased by the use of hooks or retractors, although this is probably a result of selection bias, as these and similar devices are typically used in more complicated cases. We also observed a mild effect for time on overall risk, suggesting that progressive improvements in techniques and reduction of incision sizes have reduced the risk of IOL dislocation. Given the low power of our study, however, the validity of these findings may be somewhat questionable.
This meta-analysis has certain limitations, including the relatively few studies identified in our search, and, logically, the fact that our findings are influenced by the quality of these studies. Mean quality scores, however, were high for most studies, despite the fact that they were virtually all cohort studies, which are more prone to bias than clinical trials. Mean sample size was very low, with fewer than 200 patients analysed in most studies. Mean follow-up time was also relatively short (<1 year in most studies), and this would logically limit the number of IOL dislocations detected, as this complication can take, on average, over 5 years to occur (Lorente et al. 2010) .
Another limitation is the enormous variation in phacoemulsification procedures, with differences observed for probes (pumps, tips, incision sizes, etc.), nuclear fragmentation techniques, anaesthesia and use of hooks and retractors. Furthermore, much of this information was not reported. We attempted to control for this variability by performing subgroup analyses (technique, incision size, use of hooks or retractors) and observed similar results in comparison with overall risk. We also observed high heterogeneity within studies as many studies, particularly the larger ones, spanned several years, and therefore analysed procedures performed using different techniques and surgeons. The results of these procedures, however, were reported together, diluting any possible effect for surgical technique. To control for this, we stratified smaller and single-centre series by year, but found that the results were similar.
Conclusions
Our findings show that patients with pseudoexfoliation syndrome have a high risk of late IOL dislocation after phacoemulsification cataract surgery. We also found that this risk could be related to larger incision sizes and the use of hooks or retractors. However, given the limitations of our metaanalysis, further studies are needed to evaluate the long-term effect of these variables. NLogOR = Napierian logarithm of OR, Year = year of publication, Hook = use of hooks or retractors. Number of observations = 8; Number of variables = 2. Between-study heterogeneity ? s 2 = 0; I 2 = 0.00%. Joint test for all covariables ? Model F(2.5) = 1.55 Probability > F = 0.2985.
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